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A Study on Clarification of Eutrophic Lakes
by Electrolysis with Photovoltaic Energy Supply
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Abstract

A laboratory electrolytic system which consists of twelve Fe-plate elec-
trodes was constructed. It was operated by direct current, the polarity of
which alternated automatically every ten minutes. The performance of the
system was examined with actual lake water pumped continuously into the
system. Taking mean residence time ( ¢ ) and current density (d) as opera-
ting variables, the preliminary experiments were carried out to search the
optimum domain for the operating conditions at various combinations of
these two variables. In the clarification test, the water of eutrophic
Lake Yamanokaminuma was treated under the operating conditions of 7 =20
min and d=1.2 mA/mf selected based on the experiments mentioned above and
the water was successfully clarified using settling followed by sand fil-
tration after the electrolytic process, with a result of total-phosphorus
of 0.036mg/¢ (88.4% removal), total -nitrogen of 0.58mg/f (84.4% removal)
and COD of 6.54mg/¢ (74.1% removal). In order to predict resistance in a
demonstration model system, an approximation curve for the relationship
between the resistance of a six-plate electrode cell and its effective
surface area was sought. The obtained results indicate that the resistance
is little influenced both by the conductivity of the water and by the
electrode gap at least for the range of 1-1.5 cm at demonstration scale.
The approximation curve will enable the estimation of the resistance of
an electrolytic cell, and thus efficient use of energy can by achieved by
connecting some batteries with several electrolytic cells so well that

proper current will be applied to the electrodes.
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d=Current density of an assembly of electrodes
(mA/ert)
S=Effective surface area of an electrode (c)
I=Current input (A):I=dxSx 1073
t=Elapsed time (sec)
W=Mass of an electrode comsumed (g)
7 =Mean residence time (min)
=Liquid volume/FloW_ rate
Z=Number of electrons involved in the redox
reaction
M=Molecular weight of iron=55.847
F=Faraday constant=96,500 (C/mol)
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Fig. 1 Configuration of a plate electrode
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Table 1 Experimental conditions

Effective surface area Number Current | Flow rate | Electrolytic cell | Sand size
of an electrode [cm] | of electrodes A ml/m cm’ mesh
Run 1 19X 5 12 # # 3L beaker* -
Run 2 15x10 6 1.2 186 3L beaker* —
Run 3 22 %20 6 2.7 435 8694 ** <100
Run 4 15 %20 2,4,6,8,10 ## 293 5852 %* -

*Effective liquid volume is approximately 2.8L.
** Liquid volume
# Nine points denoted in Fig.3

## Current used are 0.37,1.1,1.83,2.56 and 3.3 respectively.
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Fig. 2 Schematic of voltage measurement
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Table 2 Summary of analytical procedures

Parameter Description Reference
pH Glass electrode
Conductivity |Conductivity meter
NH,-N Indothymol formation, absorption at 660nm 8
NOs-N Ion Chromatography
NO,-N Griess-Romijn Nitrite Reagent 9
PO,-P Filtration(0. 45 #m), molybdenum blue
COoD Potassium permanganate titration JIS K 0102 17
Total N Oxidation to NOg , absorption at 220nm 10
Total P Oxidation to H4PO,, molybdenum blue 10
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Table 3 Experimental conditions for Runb

Electrode|Liquid volumek| Flow rate Current [A]
cm cm® ml/m When gap=lcm |When gap=1. 5cm

15 X 5 1,512 120 0.6 0. 66
15 x 10 3, 024 150 0.9 1. 12
20 x 11 3, 680 184 1.3 1. 46
20 < 15 5, 852 293 1.8 2. 02
22 x 20 8, 694 435 2. 6 2.92
25 X 32 13, 832 690 4.8 5. 40

% Calculated values
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Fig. 6 Schematic of the experimental setup used to measure
the current generated by a solar panel
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Table 4 Treated results

Parameter Raw water Treated water
Transparency & cm >50 cm
pH 8.6 8.1
COD 25.2 6.54
T-N 3.7 0.58
T-P 0.31 0.036
T-Fe 0.84 0.21

All data in mg/L except transparency and pH

B3 Organic-N

. XY NO_-N
254 [ il

] E= NO_N
2.0 NH -N

P
il

ol
i

NN

1

Nitrogen [mg/L]
o
I 1

L

W=0.2303t—0. 0391 (r?=0.9999) 0153 s>hrz, —7,
77 SF—OFEHMNSW=ItM/ZF, BERTORIG
ldFe=Fe™22e " TH BN, Z1FL2 &5,

LD 22DAMNS ZERDBEZ =2.1TL750,
HHREDIT%EEN 51, THIFERICEHRT S8,
BREINOTECEARABRICL D bMESINE D
LTHD, BRELD OXHHREVE VDR TVE Y,
EmFa I BMERE BREENBML SHEET
Hb, PIZE, Run3iCEHT 5 &, SKIDB0% A THFE
LicE EXMT D ERET 5 &, K947, 2B RRE T HE
135,

Run3DALIEFE R £ Table 4 1SR d, 75k, FHKDE
SUEEE 13298 £S/cn (19.2°C) TH 720 TOEBRT
i3, A0 T A LT, MRS E
ORIfEAE 1 ~2mE T AT ETERLIZTO Y 7Dk
fEEEI N, WABTHIEIh B EZRDSH
5 ENTE, FUKIZRREEE L TEREZDTN
8em LM - 1oy, ALEEKDO ZN1350emll EHH D,
KigicEI Nz, RICEREEEOHIRANFTH 52
EHE, LU rEALE, FNENSLL%, 88.4% DK
ERTH -1, Fig. 7, Fig. 8 3EFNFNHERE, 5l
BOEER, £V Y ORSHELAIEDTH LM,
(OB HITT RO SRS N, AREER,
REREY) vDFERS EEbhs, V) VBRI Bk E
LTS 572590, BRHUERIZZEASRLE
DEETHAD, LEDBIEITERATROBKDOE(LA
BlbDTH B, MIEKOBIELEKETFED, BB
ERT AAEEIETL,

PHIZ DWW TIE, MIEKMNFEKRE O HET L TREE
AR LTV BN, BABREICAHBERITIEpH=9. 0
Thoto CHIFHKICRST, EBEEHT H2EMT
Ak A A UDERT A NS TH B, LoLl, KER

Insoluble-P

i

06 Soluble-P
2 0.5 /// Summer: Aug.9,1994
25 0.4 Winter : Feb.1,1995
gosl
c ]
éozjﬁgg
@ 0147

0o //// T .77,

X
0.5 4 &
1 pXEK CXARHXRRL
O‘O <SRN : ’.‘ " x % :
Summer’ Winter ' Summer
Isa-numa Besho-numa

Fig. 7 Speciation of nitrogen

Summer Winter
|sa-numa

" Summer  Winter
Besho-numa

Fig. 8 Speciation of phosphorus



WAL OFERBKIEE=10.0Ic b705 2 &8
ot TOKOEBIIEKIZPE=9.2TH » 72, B
ERICPHON TN D FERD—fSm & FET 4R EL -
720

CHE, ROLIICEZLOND, BIEKIHBEOE
BT NVA)ERSODTEREIESELELE
ATWE, ZL T, ZHidphaE—EfREANICESR L L
HDETHENEHA TS, KERICLOpINEFL T
H10fFaHpHD LR E B, FizicER TKEEC A
UASEMENTS Z OEBEIERIC L D I pIAME T
L0 EEbND,

—7, [ERFICAEL BEEN S, EBROHEET
30, d6wh/LEFTE I N, BEE L TEE210ADD
H=Ny 5 = FR LGS, BEFEREOT0% %
FElRER ' &4 5 &, T OEME T4, 000LOBIEK
DMIRT & BEHHICIL S,

Rund/ &Fig. 9 Rd L D ICEBKEE YT &

K-> TEIERENEBICET T2 2 &b nd, B

JL—0ON, OF FERIZEXZOAZ(LIND 20D T
BEMTITARIEENDRLE LTI -1z (Fig. 10),
Fig. 8 ™SS L SIS, BHEHHOEWENIK

Table 5 Flow rate and resistance

Flow rate Resistance Variation
ml/m ohm of flow rate
130 2.882 -30%
148 2.874 -20%
184 2.947 0
222 2.947 +20%
240 2.980 +30%
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Fig. 9 Relationship between number of
electrodes and resistance using
lake water
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Table 6 Estimate of generated energy using single-Si module, Jan.-Aug., 1996

Jan. Feb. Mar. Apr. May June July Aug.
Flux of insolation
kwh/m® 87.36 97.68 118.08  143.04 14592 11352 134.4 122.4
Generated energy
Ab/m’ 612 685 828 1002 1023 796 942 858
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